INTRODUCTION
============

While main focus in the diagnosis and treatment of hypertension is still on the mean blood pressure, blood pressure variability (BPV) has been suggested as a significant prognostic indicator in recent studies,[@B1],[@B2] independent of average blood pressure level. However, not much is known regarding determinants of BPV, Some studies showed that BPV may be influenced by the choice of antihypertensive agents,[@B3],[@B4] and other associated factors such as sleep disorders,[@B5] environmental stimuli,[@B6] age, personality and alcohol consumption[@B7] have also been described. Previous observational study[@B8] indicated that cardiovascular diseases are associated with anxiety and depressive symptoms, which can potentially influence various hemodynamic factors including blood pressures. Wider fluctuation of blood pressure may be related to perception of life quality either appropriate or not. Sakakura, et al.[@B9] reported the association of exaggerated BPV with cognitive dysfunction and poor quality of life (QOL) in the elderly, and Okano, et al.[@B10] showed that base blood pressure during sleep is related to health-related QOL. These two studies evaluated BPV on 24-hour ambulatory blood pressure monitoring. The aim of this work is to investigate the association of day-to-day BPV with health-related QOL in hypertensive patients.

MATERIALS AND METHODS
=====================

Subjects
--------

Subjects were participants of clinical trial evaluating the effect of cognitive behavior therapy-based \'forest therapy\' program in hypertensive patients. Fifty-six men and women were enrolled for the study, being referred from two local health centers. Recruitment was mainly done by self-referral by local advertisement and referral from physicians in the health centers. Subjects had stage I hypertension or prehypertension, with or without antihypertensive medications. They were assigned to either to the experimental group who participated in the forest therapy program or the control group who did only self-monitoring of blood pressure for 8 weeks without participation to the program. This was done by convenient assignment and not true randomization, considering the subjects\' preference and feasibility to actual participation of the forest therapy program, i.e., patients chose whether to participate in the forest therapy program or not. They were instructed not to change their antihypertensive medication during the study period, and if prescribing local physician requested the change of their regimen, the patient was dropped out. Finally, 28 persons in each groups finished 8-week follow-up schedule. Inclusion and exclusion criteria, process of enrollment and the contents of the forest therapy program and the additional test such as salivary cortisol level are described in previously published results of the trial.[@B11]

Informed written consents were obtained from all the subjects before the participation of the study. This study was approved by the Institutional Review Board of Seoul Paik Hospital, Inje University, Seoul, Republic of Korea.

Blood pressure measurements
---------------------------

Manual office BP measurements by mercury sphygmomanometers were done in the local health centers at initial visit and after completing the program (at the day 3 in the control group) by a research nurse, maintaining the same environment in both groups by the conventional methods.[@B11]

Home BP monitoring was done for 8 weeks as follows and used for calculation of day-to-day BPV: after 5 min rest, seated, one measurements were done in the morning before drug intake (6-10 am) and the other in the evening (6-10 pm) with designated BP monitor (UA-767, A&D, Tokyo, Japan) and recorded by patients. Measurements on the other timings were not prohibited. All values measured on the first day were excluded from analysis.

Quality of life
---------------

A QOL measurement tool developed by Kim, et al.[@B12] was used, which is based on widely used existing QOL tools such as CHO-60, MOS SF-36, and Duke-UNC Health profile. This consists of 5 domains which are general health (GH), physical (PD), mental (MD), social (SD), and hypertension (HTN)-related dimension. The number of questions is 23 and each question has 5-point Likert scale. The total score ranges from 23 to 115, the higher the score, the better the QOL. This tool is a version of \'disease-specific\' QOL measurement tool which includes some questions specific for hypertensive patients and can be used for evaluation of QOL in hypertensive patients. Measurements were done at initial visits and at 8 weeks.

Statistical analysis
--------------------

Day-to-day variability of blood pressure was defined as the standard deviation (SD) and coefficient of variation (CV= SD/mean) of measurements of 8 weeks total, morning BP\'s and evening BP\'s, respectively. Continuous variables were described as mean±SD, or median (25-75 percentile) if a variable was not normally distributed. Comparisons of means between the 2 groups were done by Student\'s t-test, or Wilcoxon\'s rank sum test in variables not normally distributed. All comparisons were done by 2-tailed tests. In t-test with unequal variances between the groups, Satterthwaite degrees of freedom were used. To compare overall longitudinal BP change between 2 groups, repeated measure ANOVA was used with addition of interaction term between group and measurement timing. To determine predictors of BPV, multiple regression models with BPV parameters as dependent variables and variables which showed significant association with BPV in bivariate analysis were included as explanatory variables. Starting with stepwise regression applying backward selection with elimination *p*=0.15, empirical exploration was done to maximize explanatory power of the model. *p*-value below 0.05 was considered as being statistically significant. The statistical package used for the analysis was Stata/MP 12.1 for Windows (32-bit) (College Station, TX, USA).

RESULTS
=======

General characteristics of the study subjects are described in [Table 1](#T1){ref-type="table"}. Blood pressure control status seemed to be good in the majority of patients with mean systolic blood pressure and diastolic blood pressure in 130\'s and 70\'s. Antihypertensive medication was being taken by 79% of the subjects, and the number of medication was mainly 1 or 2 except for 6 subjects. Home BP did not change significantly during 8 weeks. Total score of QOL was significantly improved at 8th week compared to the baseline. As previously published, general clinical characteristics were not different between the groups, and QOL improvement was significantly greater in forest therapy group (data not shown).[@B11]

Correlates of BPV as standard deviation of SBP\'s during 8 weeks are shown in [Table 2](#T2){ref-type="table"}. Older age and larger number of antihypertensive medication were associated with high BPV. Total score of QOL correlated inversely with BPV. BPV as coefficient of variation showed same pattern of association. Parameters of BPV were not significantly different between male and female subjects (as SD, male 10.4±0.8, female 10.3±0.5, *p*=0.92) and not influenced by the treatment group (as SD, control group 10.6±0.7, forest therapy group 10.1±0.6, *p*=0.60). [Fig. 1](#F1){ref-type="fig"} is a scatter plot showing the relationship between total score of QOL and BPV as coefficient of variation of SBP\'s. Even though the forest therapy group (shown in solid dots) apparently tended to have higher QOL score than the control group (shown in hollow dots), BPV was not different between the two groups.

Multiple regression model with standard deviation of SBP\'s during 8 weeks as a dependent variable ([Table 3](#T3){ref-type="table"}) showed that higher total score of QOL was associated with lower BPV after adjustment for age, gender and use of antihypertensive medication (*p*\<0.0001).

Among various domains of QOL, physical, mental and hypertension-related dimension were inversely correlated to BPV at 8th week measurement, while GH and social dimension were not ([Table 4](#T4){ref-type="table"}). Any domain of the baseline QOL measurement was not significantly associated with BPV.

DISCUSSION
==========

This study is the first to show the relationship between the QOL and day-to-day BPV. Previous studies[@B9],[@B10],[@B13] which reported the association of QOL and BPV utilized 24-hour ambulatory BP monitoring and mainly focused on diurnal pattern. However, recent studies suggested that day-to-day or visit-to-visit BPV, rather than diurnal variation, is an important prognostic indicator.[@B1],[@B2],[@B14] Our results showed the BPV over 8-week period, calculated from daily measurements of home BP, had significant association with the QOL evaluated by hypertension-specific QOL measurement tool.

While not much has been known for determinants of BPV, it is highly probable that some psychological and/or cognitive factors are closely related, because blood pressure shows prompt and wide variation in response to environmental stimuli and its consequential psychological response.[@B15] QOL reflects subjective perception and appraisal to the current status of life and estimated poor QOL may mean that perception of daily environment stimuli tends to be in a predominantly negative direction. In addition to subjective aspects of perceptive process, if life quality of a certain person is truly compromised, he or she would be more likely to experience frequent and/or strong daily environmental stimuli eliciting negative emotions, which may result in increased BPV.

The reason is not clear why certain domains of the QOL were more closely related to BPV than the others. In our data, physical, mental and hypertension-related domains significantly correlated to BPV while general health and social domains did not. And it is also not well-explained why QOL at week 8 follow-up showed significant association with BPV while baseline QOL did not. There may be some possible influence of behavioral intervention which this study originally intended.

The study subjects were participants of clinical trial to investigate the effect of the cognitive behavior therapy-based \'forest therapy\' program in hypertensive patients. Previously published results of the trial showed that forest therapy group showed significantly more improvement of QOL and decrease of salivary cortisol at 8-week follow up while BP change was not different between groups.[@B11] While the QOL increased more in forest therapy group, control group also showed some increase of QOL, probably reflecting nonspecific regression to mean. Previous cross-sectional study reported that lower QOL in hypertensive patients was related to the awareness of the disease and consequently negative psychological response and not the disease itself.[@B16] Probably, intervention of forest therapy may influence QOL positively in treatment group, which made the distribution of the QOL score wider thus increasing statistical power in testing the association between the QOL and BPV. There is a possibility that forest therapy intervention had favorable effect on BPV, although the control group also showed nonspecific increase of the QOL, diluting the between-group difference. Thus, our present result may not be applicable to the general population in the absence of a particular intervention designed for improving QOL. Larger scale interventional study may be needed to confirm that improvement of the QOL can lead to decreased BPV.

We do not have detailed information on medications used by the study subjects, which is a significant limitation because antihypertensive medication is known to have some influence on BPV.[@B3],[@B4] However, because we excluded patients who needed regimen change during the study period, confounding by the medication effect could be minimized. Subjects with medication showed larger BPV than those who were not in pharmacological treatment. While previous studies showed antihypertensive agents usually decreasing BPV with some difference between the antihypertensive agent classes, comparison of BPV between the medicated hypertensive group and non-medicated less severe hypertensive group has not been done. Considering that the baseline SBP did not differ significantly between medicated and non-medicated group (medicated 132±15 mm Hg vs. non-medicated 136±16 mm Hg, *p*=0.47), non-medicated group probably had less severe hypertension than medicated group, which may be a possible reason why they had less variability in blood pressures.

There are several other limitations in this study. This study was not originally designed to evaluate the relationship between QOL and BPV, but as a clinical trial to evaluate the effect of behavioral intervention. Larger-scale study is needed to confirm the study finding. A behavioral intervention trial has inherent difficulty in randomization because patients\' willingness to participate is crucial for proper application of the experimental treatment. Our trial also has that limitation. However, because the effect of forest therapy program is not a main focus of this study, we think that this convenient and non-random assignment may not have crucial influence on the study result. Sample size was small, including only patients with mild hypertension.

In conclusion, blood pressure variability has significant association with the QOL in a small group of mildly hypertensive patients. Improvement of QOL may induce favorable change in blood pressure variability.
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###### 

General Characteristics of Study Subjects
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QOL, quality of life; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; NS, not significant.

^\*^*p* for difference compared to values at week 1 or baseline.
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Correlates of Blood Pressure Variability (Standard Deviation of SBP during 8 Weeks)
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QOL, quality of life; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; NS, not significant.

###### 

Multivariate Model Explaining Blood Pressure Variability (Standard Deviation of SBP\'s during 8 Weeks)
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QOL, quality of life; SBP, systolic blood pressure.

R^2^=0.42.

###### 

Correlation between Blood Pressure Variability (Standard Deviation of SBP during the 8th Week) and Domains of Quality of Life at the 8th Week
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SBP, systolic blood pressure; NS, not significant.
